Little is known about the association between physical activity and lung function in childhood. We conducted a survey including parental reports of the child's participation in physical activity and measurements of lung function. The associations between physical activity and lung function were estimated by linear regression analysis adjusting for potential confounders in 2,537 children (9 to 10 years). Using the linear model in exploring the effect of physical activity on lung function with those who were physical active less than once a week as the reference category, showed that forced expiratory volume in 1 s (FEV 1 ) was highest among those who were physical active ≥ 4 times a week also when adjusting for potential confounders (p = .02). FEV 1 increased with 70 ml. A similar pattern was present for forced vital capacity (FVC; p = .002). The present study suggested that lung function was highest in highly physical active children age 9 to 10 years. The implications are that exercise may influence lung function, but these findings need to be confirmed using a longitudinal study design.
Several Western societies including the Scandinavian child population is during the last decades characterized by a decreasing level of physical activity and an increasing body weight (2, 5) . Inactivity and obesity is associated with a variety of adverse health outcomes of great global concern (24) . Information concerning the association between a sedentary lifestyle and health outcomes such as respiratory related diseases in children are, however, sparse (15) . Some prospective studies have shown that the development of asthma was associated with decreased physical activity or aerobic fitness in children (15) and adult twins (7) . It is also suggested that bronchial hyper responsiveness is associated with decreased physical activity in adults and children with asthma (12, 17) . However, little is known about the association between lung function and habitual physical activity during childhood (18, 20) . Exercise is known to induce a cascade of physiological responses, which may vary dependent upon the type, intensity and duration of exercise (10, 12, 22) , and it is suggested that the pathophysiology behind the benefits of exercise on asthma is related to deep inspiration and smooth muscle activation (9) . Linking exercise to lung function is thus plausible.
The aim of the current study was therefore to assess the association between physical activity and lung function among Norwegian school children.
Material and Methods

Study Population
A follow-up of the Oslo Birth Cohort was carried out in 2001-2002 (11) . A crosssectional study of all children born in 1992 and living in Oslo was carried out simultaneously. A total of 6,327 children were invited and 4,219 (67%) families accepted and returned a self-administered questionnaire that was mailed them together with the invitation. The participants were also offered a clinical examination including measurement of lung function. The examination was performed during school hours by a trained staff of research nurses. Results of lung function tests were available for 3,224 children, collected in the period between November 2001 and December 2002. The present analyses include participating children with two parents from Western societies with lung function measurements (n = 2,537). The participants in the current study were representative of the 4,219 families who accepted and returned the self-administered questionnaire as they did not differ significantly with respect to physical activity level, socioeconomic factors, parental smoking, and prevalence of asthma.
The study was approved by the Data Inspectorate of Norway and the Medical Research Ethics Committee. Written informed consent to take part was obtained from the parents of the participating children.
Baseline Lung Function
Lung function was measured by maximal forced expiratory flow-volume curves (MasterScope, Erich Jaeger GmbH, Germany), according to the guidelines recommended by the European Respiratory Society (ERS; 14). Age of the child was calculated by subtracting the child's date of birth from the date of the testing day. Children with major signs of upper respiratory tract infections were excluded. The measurements were conducted with the participant sitting wearing a nose clip. Calibration, taking into consideration ambient conditions, was conducted at least twice a day according to the guidelines of the manufacturer. All maneuvers complied with the general acceptability criteria of ERS (14) . If the child were unable to do three acceptable and reproducible maneuvers, up to eight maneuvers were performed. However, children with at least two acceptable maneuvers were also included in the analysis (14) . All individual flow-volume curves were reviewed for technical acceptability. Lung function parameters were: forced expiratory volume in one second (FEV 1 ) and forced vital capacity (FVC). Reproducibility of FVC and FEV 1 was considered acceptable when the highest FVC and FEV 1 value did not exceed the second highest value by more than 5% (14) . The reproducibility criterion was not used to exclude children with a complete test set. Tests that did not meet this criterion were marked, to be able to analyze these data separately. The largest reading is reported using the envelope method of reading flows, which means that the highest flow at a given lung volume is chosen, irrespective of the curve. Due to the lack of relevant or good reference populations, the variables are presented in absolute values and not in percent of predicted.
Variables
Physical activity: The child's participation in physical activity was assessed by using a question of physical activity level from WHO cross-national survey of health behavior in school-aged children (1). Here we used the question: "Outside of school hours, how often does the child engage in sport or exercise so much that he or she gets out of breath or sweat?" Physical activity was categorized into four categories (less than once a week, once a week, 2-3 times a week and four times or more).
Body mass index (BMI): Standing height (m) using a stadiometer and weight (kg) were measured in a standardized way in indoor clothes without shoes using the same equipment and procedures in all children. BMI, defined as kg · m −2 , was included as a continuous variable. BMI percentiles per sex per age according to the cut-off values of Cole et al. (4) were used to define overweight and obesity.
Background variables: The questionnaire included also items of the children's health including a history of asthma, environmental exposures, parental education (years of education), ethnicity and a history of asthma and allergy among the parents (yes vs. no) and parental smoking (yes vs. no). Ethnicity was categorized into two categories: children with and without two parents from Western countries. Data from The Medical Birth Registry of Norway was merged our data, and thus the Medical Birth Registry provided information of birth weight (8) .
Data Analysis
We performed linear regression analysis controlling for potential confounders to estimate the association between physical activity and lung function. The confounders were chosen based on the literature and our underlying theoretical model of how physical activity and lung function may be interrelated. The final model included height, birth weight, age, sex, BMI, physical activity, parental education, parental smoking, and the child's history of asthma. Physical activity was categorized into four categories.
To examine how BMI and physical activity influence lung function, we constructed a linear model. We conducted both unadjusted and adjusted analyses for boys and girls. There was a strong correlation between the child's history of asthma and the parental history of asthma. Thus only one of these variables was included in the final model. We performed analysis with and without asthma in the model. Furthermore, we first excluded obese children, and then overweight children. Analyses were conducted in SPSS (Statistical Package for Social Sciences, Version 11 for Windows. SPSS Inc. Chicago, USA, 1999) and S-plus (Version 3.3 for Windows. Seattle, Washington: Statistical Sciences, a division of MathSoft, Inc, 1996). Table 1 describes the characteristics of the participating children. Girls had a lower lung function than boys (Table 1 ). Describing lung function by level of physical activity showed that lung function increased with increasing level of physical activity (Table 2) . Furthermore, lung function was associated with BMI. Using the linear model in exploring the effect of physical activity on lung function with those who were physically active less than once a week as the reference category, showed that FEV 1 tended to increase with increasing level of physical activity also when adjusting for potential confounders (p = .02). FEV 1 increased with 70 ml in those who were physically active ≥ 4 times a week. A similar pattern was present for FVC (p = .002; Table 3 ). Furthermore, using the individual physical activity values in the linear regression model with all variables showed that the slope was statistically significant (p = .001; data not shown). In addition, lung function increased with increasing height, birth weight, age, BMI (all, p < .001), and increasing level of parental education (p = .02). Childhood asthma and parental smoking was also included in the model but these were not statistically significant and did not influence the estimates. Separate analysis excluding first obese children, and second overweight children with and without asthma in the model gave similar results (data not shown).
Results
Stratified analysis in boys and girls showed that the association between lung function and physical activity was only present among girls (p = .01). Further analysis using physical activity as the outcome in girls and boys showed that there was a strong association between height and physical activity among boys, which was not present among girls. Thus including height in the analysis reduced the association between physical activity and lung function among boys but not in girls.
Discussion
The results of the current study suggested that lung function was highest among children age 9 to 10 years with a high level of physical activity. In boys, the association was influenced by height.
Due to the cross-sectional design of the current study, we cannot conclude that there is any causal relationship between level of physical activity and lung function. This is a major concern of the current study. The results can be attributed to the fact that children taking part in sports are characterized by better lung function than inactive children. However, it is unlikely that minor differences in lung function such as a difference in FEV 1 of 2-3% should influence children's physical activity level. It is dubious that perceived exertion due to respiratory limitation in this range should result in inactivity in this age group. Our finding is more relevant in conceptualizing disease etiology within a life course framework (3, 19) . Thus it is important to identify factors that may influence lung function. During childhood the postnatal development of the lung is characterized by alveolar enlargement, peripheral airway elongation and both elongation and enlargement of the central airways (16) , and it is plausible that these functional changes may be influenced by exercise. We also demonstrated that there tended to be a small dose response relationship between physical activity and lung function, which support that there may be an association between physical activity and lung function in children. Excluding overweight children did also not influence the results. However, these findings need to be investigated further using a longitudinal design. The strength of the current study is the large study population of children age 9 to 10 years. Lung function, height and weight were measured in a standardized way in all children by the same highly experienced and trained staff. All individual flow-volume curves were also reviewed for technical acceptability and checked for reproducibility according to ERS (14) .
The relationship between habitual physical activity and lung function in younger age groups is not well documented. One study of children has tested the impact of an enhanced physical education program upon the growth and development of static and dynamic lung volumes over a six years period (18) . They found that a regular physical education program enhanced lung volumes in primary school students. Forced vital capacity increased in average with 3.2%. Physical active boys had an advantage of 7-8% the last 3 years of the study period. The impact of physical activity on FEV 1 was less, but greatest (about 6%) among boys during the last year of the intervention period. These findings support our observations. Twisk et al. found also that physical activity was positively related to FVC and FEV 1 in their study of tracking over time of lung function and their relationship to lifestyle from 13 to 16 years of age and 21-27 years of age (20) . It has also been suggested that physical activity must commence in childhood or adolescence to produce significant differences in lung function (23) .The underlying pathophysiology or mechanic behind the effect of exercise on lung function is not clear. However, different path ways related to smooth muscle activity are suggested (9) .
In addition, we explored an interesting gender difference, which was explained by the finding that tall boys were more likely to be socialized into sports, which was not the case for girls in the same age group. Consequently, height influenced the effect of physical activity on lung function in boys in this age range.
It is previously shown that overweight and obesity may be a risk factor for childhood asthma (6) . However, as earlier described in children 8 to 10 years of age we found that lung function increased in heavier children, which may be a result of height and stronger muscles that improves FVC and FEV 1 (13) . Consistent with others we explored that boys tended to have improved lung function (20) . The mean age at which velocity of FVC and FEV 1 seems to occur is 12.3 years for girls and about 2 years later for boys. Height growth peak occur on average 6 to 9 months earlier than lung function growth peak (21) . Our population was 9 to 10 years of age. Only a few had therefore reached the lung function growth peak.
In conclusion, the current study suggested that lung function was highest in highly physical active children age 9 to 10 years. In boys this association was influenced by height, because tall boys were more likely taking part in sports.
The significance of the present finding is that physical activity may influence the development of lung function in children. These results need, however, to be confirmed using a longitudinal study design including standardized objective assessments of level of physical activity.
